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IGTTITABILITY OP ALLOTS IF THE 2aRCO!TIUl!-jPITAlfIül.: 3YSTZM* 

V.  G.  Ioffe 

Studying the ignitability of zirconium alloys with titanium repre- 

sents interest in view of the absence of published data about th9 ir- 

ritability of systems with unlimited mutual solubility of components 

in solid state. 

The process of preparir^ samples consisted of the following oper- 

ations: arc melting in argon atmosphere, crushing, aydrogenation at 

300°, pulverization in a mortar to dimensions of < 53 udcrons, dehy- 

*Work was done under the leadership of Professor 3. II. Zlobinshiy, 
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drogenation in vacuum 10  mm mercury column at 800 • Pulverization 

and storage of samples was carried out in the air without the use of 

any measures for the prevention of surface oxidation in order to bring 

closer the burning properties of the investigated powders to the pro- 

perties of dust, forming during cold machining of metal under indus- 

trial conditions. 

Temperature of spontaneous ignition of the alloys and compounds 

were determined at the installation, described in [1 - 3]. Spontaneous 

combustion temperatures of alloys are given in table, and for certain 

zirconium compounds with metalloids, they were found to be equal; for 

zirconium hydride 282°, for carbide 430°, for nitride 585°, and for 

boride 660°. It is known that the dependence of ignition,temperature 

upon the composition of the mixture of two mutually soluble burning 

liquids represents a smooth curve with downward bending [4], Results of 

this investigation show that this rule spreads also to solid solutions 

of zirconium with titanium. When comparing the obtained ignitability 

diagram with the diagram of state (Fig. 1 and 2a), it appears to be pos- 

sible to represent the ignitability curve as a sum of the two functional 

linear, describing the rise in temperature in ratio of increasing the 

content in the alloy of less burning component, and curvilinear, spprox- 

imately reproducing the liquidus lines of the diagram of state. In 

this way, an analytical ignition curve can be described by equation 

where tv - temperature of autoignition of the alloy. 
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Remarks! 1. Melting point of alloys found b/ various liquiduses of the 
diagram of state from [5 - 8]# For the Zr-Ti system for a melting point 
was aooepted a mean arithmetical between temperatures of the liquidus 
and solidus. 2. Alloy 87.6$ Zr + 12. 4$ Ti was ignited during the pul- 
verization of the hydride. 
3« Content of metal is given in weight percentages. 

tn - melting point of alloyj o - content of titanium in alloy (in uni- 
tary fractions). 

Constant a and b can be found from equation (t) if the t and o 

values are known for any two compositions of the alloy. Having replaced 

these values in equation (l) and having solved the system relative to 

a and bf we obtain 

a = 
C~ — C, 

-*-v^-*+^. 

(2) 

■(3) 

where 6 ■» t - t , and indices 1 and 2 show that the given value per- 

tains to one of the two alloys with known autoignition temperature and 
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titanium content o. or C-. 
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Fig. 1. Diagram of 
state of Bystem Zr-Ti„ 

In some special 

cases, formulas (2) 

and (3) acquire a more 

simple way. 

The special oase 

1sc^ ■ 0, Cp - 1 (known 

t and t for pure alloy 

components). Then a ■ 

61 " e2* b * ei* 
e1 "62 

Special case ?,%  c1 f* 0, Cg ■ 1# Then a ■ ~   c   , b • 01# 

In order to explain how muoh general oharacter equation (l) has« 

calculations were nade of auto ignition temperatures no.t only for system 

Zr-Tif but also for systems: Ti-Alf Ti-Mn, Ti-Sif and Zr-Si. Results 

of calculations (se table) reveal a satisfactory coincidence with ex- 

perimental data for systems Zr-Ti, Ti-Alt and Ti-Kn, This shows that 

U    20   iiO   SO   80 M        Ti    20   40   60    80 Mn 

Fig, 2. Experimental 
ill and calculated 
2) ignition diagrams 

of the system*  Zr-Ti 
fa)| Zr-Si fb)f Ti-Al 
v)j Ti-Mn (g)f Ti-3i 
d). 

Ti   20    M   60    80 Si 
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for the enumerated systems, the change in autoignition temperatures 

of alloy in comparison with autoignition temperatures of pure components 

depends, first of all, upon the melting point which can be explained on 

the basis of metal combustion mechanisms with the solution of the pro- 

tective oxide layer [3]# 

For Ti-Si and 2r-Si systems, there is observed a greater discrep- 

ancy of data with experimental (see Fig. 2) and it is possible to detect 

a qualitative relationship between ignition and state diagrams« It is 

apparent that the autoignition temperature of alloys containing silicon, 

in addition to the melting point of the alloy, also affect with another 

or with other factors. One of these, most likely, appears to be the 

formation of suicides because in regions of the diagram corresponding 

to difficulty melting compounds TieSi^ and ZrgSij-, a sharp rise is ob- 

served in calculated autoignition temperature, considerably exceeding 

the experimental data. Furthermore, it should be taken into considera- 

tion that the composition of the oxide film, through which oxygen is 

diffused during oxidation in the period before inflammation, does not 

always correspond to the composition of the alloy. To explain this 

phenomenon, it is necessary to make a further investigation. The degree 

of autoignition temperature, depending upon the melting point of the 

alloy, can be evaluated by the coincidence of calculated and experimen- 

tal autoignition temperature values. 

Visual observation of the combustion of the powder layer reveals 

that combustion of metal powders is possible in the form of smoldering 

and in the form of ignition. During the smoldering, the incandescence, 
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the red hot combustion zone, moves closely from the place of initia- 

tion. During ignition, the powder gets hot to a very high brightness 

and burns very brightly, spilling in the initial moment the hot par- 

ticles, The reaminder of the powder after incandescence - fast, after 

the incandescence - caked. 

These forms of combustion are distinguished by an oxygen transfer 

mechanism. During the incandescence, temperature is insufficient for 

the appearance of liquid phase because the outer layer of the powder 

looses too much heat and the internal layers burn at insufficient oxy- 

gen. The oxygen is diffused through the oxide layer, as during ordi- 

nary high temperature corrosion, but diffusion becomes facilitated by 

the oxide film in the metal. 

Smoldering can change into conflagration as a result of self 

heating or during the loosening of the layer. In this case, as a result 

of temperature increase on the surface of the metal appears a liquid 

phase, dissolving the protective oxide layer. Initially, the liquid 

phase probably appears in places of disrupting the solidity of oxide 

layer, originating at polymorphous transformations of oxide with the 

change in volume. The surface of the metal is denuded and the reaction 

accelerates. 

At the combustion method adopted in this report, as a rule, it 

takes place in the form of smoldering,* During the smoldering, no liquid 

♦Conflagration is undesirable because the used apparatus does not 
stand any developing temperatures thereat. 
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phase is formed but the beginning of smoldering temperature, as shown 

by experimental results, sharply depends upon the melting point. This 

speaks about the thing that during the reduction in melting poin is 

also reduced the temperature, at which the rate of oxygen diffusion 

becomes sufficient for the beginning of smoldering. 

Conclusions 

1, Determined experimentally we*e the autoignition temperature 

of zirconium with titanium alloys and an ignition diagram of the Zr-Ti 

system was formulated. 

-2,—Found w*e an approximate expression of the autoignition tem- 

perature dependence of the alloy upon its composition and it was es- 

tablished that Zi-Ti, Ti-Al, and fli-illh systems satisfactorily submit 

to that dependence« 

3* Ignition of Zr-SI and Ti-Si alloys deviates sharply from the 

found dependence which is presumably explained by the formation of high 

melting suicides. 
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